M-MODE ECHOCARDIOGRAPHY is useful in evaluating the child with heart disease. It allows the anatomic relationships of chambers, great vessels, and valves to be assessed, and allows wall thickness, cavity dimensions, great vessel diameters, and atrioventricular valve excursions to be measured. These measurements, when compared to normal data, can be used quantitatively to make judgments about normality. Several studies already provide such normal values for neonates" 2 and adults,3' but there is only one study providing "normal" values of echocardiographic dimensions in the growing child with respect to body 'surface area;' this study has therefore become the standard.3 6, The range of suggested normal limits in that study is narrow, and many of the children without significant heart disease whom we examined had echocardiographic measurements outside of these previously established limits. We therefore reviewed the echocardiographic records of 93 children and adolescents without heart disease examined at the University of California during the past two years in order to re-evaluate the limits of normality.
tolerance limits for the data were calculated. The tolerance lines of the data were wider than previously recorded. At birth and maturity they were similar to the range defined as normal by studies in Tieonates and adults. We suggest that the tolerance lines of these normal data may be used for quantitative echocardiography in childhood.
Method
The echocardiograms of 93 children and adolescents, age one day to 18 years, were used in this study. These subjects were thought by two pediatric cardiologists to be free of any significant heart disease. Most were outpatients referred for evaluation of a heart murmur which was found to be innocent on clinical, electrocardiographic, and radiologic grounds. The others, especially newborns, were inpatients in whom cardiac evaluation and follow-up failed to detect any heart disease.
The patients were examined in the supine position with slight left shoulder recumbency. The 
Discussion
The subjects used in this study were from a cardiology practice and were noted to have a heart murmur that was considered to be innocent by at least two pediatric cardiologists. The ECG and chest X-rays showed no evidence of abnormality. The echocardiograms were. of course, qualitatively normal in all subjects and in some even twodimensional ultrasonic studies showed no abnormalities. The echocardiographic studies were not used to define entrance into the study. The population, therefore, was highly screened and considered normal. It is possible that minor abnormnalities which were beyond clinical detection might have yielded larger tolerance limits than in an ideal normal population.
Others have suggested that the best correlation was obtained between echocardiographic dimensions and height (personal communication: R.A. Meyer) or the cube root of the weight.'4 We tested these correlations in our data and found that the correlation coefficients for all these variables were very similar. In fact, each of the variables (height, weight, BSA, and cube root of weight) were so strongly correlated with one another (r > 0.90) that regressions using any one of the four as independent variables were equivalent for all practical purposes. We therefore chose to relate our data to body surface area as it is already often used to express hemodynamic data in children. However, it may be more appropriate to correlate echocardiographic dimen- sions with weight in the smallest individuals as data on left ventricular and left atrial dimensions in premature infants would suggest;'5 for example, when weight increases from 2 kg to 4 kg, body surface area changes minimally. It may be advisable, therefore, to examine a larger group of children at the lower end of the growth curve to reassess this correlation.
We believe that only small differences would have been present if measurements had been taken at other points used to indicate end-systole and end-diastole. Right ventricular wall thickness measurements are similar to those made at this may account for the wider scatter of the pulmonary root diameter than the aortic root diameter. The aortic diameter was measured both at end systole and at end diastole because there has not been a clear directive as to the aporooriate time to measure it. There is a small increase in aortic root diameter in systole. This may account for some of the variability in normal left atrial to aortic root ratios. 6 17 To check the validity of our tolerance limits, we compared our data with two other studies. The mean value and two standard deviations on each side (point and bars between stippled lines) are drawn on figure 5 for a normal newborn' and a normal adult population' (personal communication: RL Popp, R Valdez). This latter measurement was divided by surface area to obtain a corrected value at one square meter of BSA. The range of normal given for newborn and for adults is in general agreement with our data. Only one study5 has previously correlated echocardiographic measurements and BSA in children and the 5th and 95th percentiles (broken growth curve lines on fig. 5 ) in that study are much narrower than our tolerance limits. Epstein et al.5 measured end-diastolic dimensions at the onset of the QRS while Solinger et al.,' Valdez et al.,' and our group measured end-diastolic dimensions at the peak of the QRS. This could account for the minor differences observed between our regression lines and their mean values5 but should only minimally influence the spread around the mean. The explanation for the discrepancy between these two studies has already been alluded to by us and it now appears that these percentile limits are in fact the standard error of the mean."8 Those data, therefore, can be used to compare population means but not to predict whether a particular patient has normal or abnormal echocardiographic measurements.
Attempts have been made to correlate cardiac size by normalizing measurements per square meter of body surface area. This has been done for adults.3 (Valdez's data normalized for square meter are shown in figure 4.) Our tolerance lines coincide with this corrected range of normal when the function is linear, but not if the function is nonlinear. This correction for body surface seems, therefore, to be inappropriate for variables that are curvilinear functions of BSA.
The most important reason to establish tolerance limits for echocardiographic dimensions in normal children is to identify quantitative abnormalities in children with heart disease. We consider that our data can be used for quantitative echocardiography in childhood, although the study of a larger normal population would, perhaps, yield slightly narrower tolerance limits.
